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PROBLEM TO BE SOLVED: To improve a casting property and 
heat resisting strength by composing an integrated type gas 
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each of its blade part and side wall part, and having a columnar 
crystal structure solidified in one way or an eqiaxed crystal 
structure at a contiguous part from the monocrystal structure 
part. 

SOLUTION: In a nozzle of a gas turbine for power generation, 
an internal cooling structure from a cooling air inlet 4 to a 
cooling hole 5 is an insert type composed of silica as its main 
gradient, and casting is implemented using same. The nozzle is 
provided with a blade part 1 subjected to high temp./ pressure 
gas and side walls 2, 3 at both ends of the part 1, and is 
composed of an integrated casting, wherein especially, one end 
of each of the part 1 and the side wall 2 has a monocrystal 
structure, while a part of the portion except the one end of 
them has a monocrystal being contiguous from the monocrystal 
part, and the rest has a columnar crystal structure being 
solidified in one way in a continuous manner from the 

monocrystal structure. It is thus possible to improve high temp, strength and manufacture 
characteristics. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The nozzle for gas turbines which the end of said vane and said sidewall is a single crystal, and is 
characterized by consisting of a casting of one which has the colunmar crystal or equiaxed grain which 
carried out one direction coagulation into the part which the remainder followed from said single crystal in 
the nozzle for gas turbines which has the sidewall which is the connection section to the ends of the vane 
exposed to elevated-temperature high pressure gas, and this vane. 

[Claim 2] The nozzle for gas turbines characterized by the bearing difference between the crystal grain with 
which the bearing difference between the vane exposed to elevated-temperature high pressure gas and the 
crystal grain with which the end of said vane and said sidewall adjoins the ends of this vane in the nozzle for 
gas turbines which has the sidewall which is the connection section is the columnar crystal of less than 8 
times, and the remaining part adjoins consisting of a columnar crystal of less than 20 degrees. 
[Claim 3] The nozzle for gas turbines which said vane is a single crystal and is characterized by consisting 
of a casting of one which has the colunmar crystal with which the remainder continued from said single 
crystal, and which carried out one direction coagulation in the nozzle for gas turbines which has the sidewall 
which is the connection section at the end of the vane exposed to elevated-temperature high pressure gas, 
and this vane. 

[Claim 4] The nozzle for gas turbines characterized by the bearing difference between the crystal grain with 
which the bearing difference between the vane exposed to elevated-temperature high pressure gas and the 
crystal grain with which said vane adjoins the end of this vane in the nozzle for gas turbines which has the 
sidewall which is the connection section is the columnar crystal of less than 8 times, and the remaining part 
adjoins consisting of a columnar crystal of less than 20 degrees. 

[Claim 5] In the nozzle for gas turbines which has the sidewall which is the connection section to the ends of 
the vane exposed to elevated-temperature high pressure gas, and this vane the center section of the end of 
said sidewall with a single crystal It is the single crystal with which a columnar crystal and equiaxed grain 
come out on the other hand at least, there are both ends, and said vane continued ftom the single crystal 
section of said sidewall. The nozzle for gas turbines characterized by the sidewall of the other end consisting 
of a casting of one which has either [ at least ] the columnar crystal which continued from said vane, and 
which carried out one direction coagulation, or equiaxed grain. 

[Claim 6] The bearing difference between the vane exposed to elevated-temperature high pressure gas and 
the crystal grain with which the end center section of said sidewall adjoins the ends of this vane in the 
nozzle for gas turbines which has the sidewall which is the connection section with the colunmar crystal of 
less than 8 times A both-ends comer is equiaxed grain and the bearing difference between the adjoining 
crystal grain with which the bearing difference between tiie crystal grain with which this sidewall adjoins 
carried out one direction coagulation of said vane continuously from the columnar crystal of less than 8 
times consists of a columnar crystal of less than 8 times. The nozzle for gas turbines by which the bearing 
difference between the adjoining crystal grain in which the center section of the sidewall of the other end 
carried out one direction coagulation continuously from said vane was constituted from a casting of one 
characterized by the both-ends comer consisting of equiaxed grain at the columnar crystal of less than 20 
degrees. 

[Claim 7] The nozzle for gas turbines which said vane is a single crystal and is characterized by consisting 
of a casting of one whose comer is equiaxed grain in the nozzle for gas turbines which has the sidewall 
which is the connection section at the end of the vane exposed to elevated-temperature high pressure gas, 
and this vane with the columnar crystal which carried out one direction coagulation continuously from the 
single crystal with which the center section of said sidewall continued from said single crystal section. 
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[Claim 8] In the nozzle for gas turbines which has the sidewall which is the connection section at the end of 
the vane exposed to elevated-temperature high pressure gas, and this vane The bearing difference between 
the adjoining crystal grain in which the center section of said sidewall carried out one direction coagulation 
continuously from said vane by the bearing difference between the crystal grain with which said vane 
adjoins consisting of a columnar crystal of less than 8 times is less than 20 degrees, and it is a columnar 
crystal. The nozzle for gas turbines characterized by consisting of castings of one with which a comer 
consists of equiaxed grain. 

[Claim 9] It has the sidewall which is the connection section to the ends of the vane exposed to elevated- 
temperature high pressure gas, and this vane. The part or all, and said vane of a sidewall by the side of a 
chill plate are a single crystal. It is the manufacturing method of the nozzle for gas turbines which a part or 
all of a sidewall by the side of the last coagulation section becomes from the casting of one which has the 
columnar crystal which carried out one direction coagulation continuously from said single crystal section. 
The manufacturing method of the nozzle for gas turbines characterized by having a coagulation acceleration 
path between at least one place of said single crystal section, and the sidewall by the side of said last 
coagulation section, and using a part or all of a sidewall by the side of this last coagulation section as the 
columnar crystal which carried out one direction coagulation continuously from the single crystal or this 
single crystal. 

[Claim 10] It has the sidewall which is the connection section at the end of the vane exposed to elevated- 
temperature high pressure gas, and this vane. It is the manufacturing method of the nozzle for gas turbines 
which consists of a casting of one which said vane is a single crystal and is the columnar crystal in which a 
part or all of a sidewall carried out one direction coagulation continuously from this single crystal section. 
The manufacturing method of the nozzle for gas turbines characterized by having a coagulation acceleration 
path between at least one place and said sidewalls of said single crystal section, and using a part or all of this 
sidewall as the columnar crystal which carried out one direction coagulation continuously from the single 
crystal or this single crystal. 

[Claim 1 1] In the nozzle for gas turbines which has the sidewall which is the connection section to the ends 
of the vane exposed to elevated-temperature high pressure gas, and this vane A part or all of a sidewall by 
the side of inner circumference is a single crystal, and it is the single crystal with which said vane continued 
from the single crystal section of the sidewall by the side of this inner circumference. It is the columnar 
crystal in which a part or all of a sidewall by the side of a periphery carried out one direction coagulation 
continuously from the single crystal or this single crystal which continued from this single crystal section. 
The nozzle for gas turbines characterized by consisting of a casting of one which carried out one direction 
coagulation in the direction of a sidewall by the side of said periphery from the sidewall by the side of said 
inner circumference. 

[Claim 12] In the nozzle for gas turbines which has the sidewall which is the coimection section to the ends 
of the vane exposed to elevated-temperature high pressure gas, and this vane Single-crystal-ize only a vane 
at least by carrying out one direction coagulation using seed crystal, and it sets to this vane. The nozzle for 
gas turbines characterized by perpendicularly one of the three <100> directions which crosses vertically 
mutually growing up other one in parallel to a sidewall longitudinal direction to a sidewall longitudinal 
direction. 

[Claim 13] In the nozzle for gas turbines which has the sidewall which is the connection section to the ends 
of the vane exposed to elevated-temperature high pressure gas, and this vane Carry out one direction 
coagulation using seed crystal, and at least, the bearing difference between adjoining crystal grain uses a 
vane as the columnar crystal of less than 8 times, and it is set to this vane. The nozzle for gas turbines 
characterized by one of the three <100> directions which crosses vertically mutually growing up less than 
**10 degrees from a perpendicular direction, and other one into less than **10 degrees from a parallel 
direction to a sidewall longitudinal direction to a sidewall longitudinal direction. 
[Claim 14] The manufacturing method of the nozzle for gas turbines characterized by carrying out one 
direction coagulation using two or more seed crystal in the manufacturing method of the nozzle for gas 
turbines which has the sidewall which is the connection section to the ends of the vane exposed to elevated- 
temperature high pressure gas, and this vane. 

[Claim 15] The manufacturing method of the nozzle for gas turbines characterized by the bearing difference 
between adjoining crystal grain using a vane as the columnar crystal of less than 8 times at least in the 
manufacturing method of the nozzle for gas turbines according to claim 14. 

[Claim 16] The manufacturing method of the nozzle for gas turbines characterized by one of the three 
<100> directions which crosses vertically mutually growing up less than ♦*10 degrees from a perpendicular 
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direction, and other one into less than **10 degrees from a parallel direction to a sidewall longitudinal 
direction to a sidewall longitudinal direction in this vane in the manufacturing method of the nozzle for gas 
turbines according to claim 15. 

[Claim 1 7] The manufacturing method of the nozzle for gas turbines characterized by making a gas entry 
side direction carry out one direction coagulation in the manufacturing method of the nozzle for gas turbines 
according to claim 12 to 16 from the gas outlet side direction [ from the gas entry side of a vane ], or gas 
outlet side of a vane. 

[Claim 18] It is the nozzle for gas turbines which a vane at least is a single crystal in the nozzle for gas 
turbines which has two or more vanes in the casting of one, and is characterized by including both a 
columnar crystal, or both [ any one or ] in the remainder. 

[Claim 19] The manufacturing method of the nozzle for gas turbines characterized by carrying out one 
direction coagulation of the two or more vanes using seed crystal in the manufacturing method of the nozzle 
for gas turbines which it has into the casting of one, and using a vane as a single crystal at least. 
[Claim 20] The nozzle for gas turbines which coated the alloy layer which uses as a principal component 
Co, nickel, or Co+nickel which contains Cr, aluminum, and Y in either [ claims 1-8 and ] 1 1-13 on said 
vane front face in the nozzle for gas turbines of a publication. 

[Claim 21] claims 1-8 and 11- the nozzle for gas turbines which has the thermal barrier coating which 
becomes 13 or 20 from a ceramic layer on said vane and the outermost front face of the circumference of it 
in the nozzle for gas turbines of a publication. 

[Claim 22] They are claims 1-8, 11-13, and a nozzle for gas turbines given in 20 and 21. Said nozzle for gas 
turbines By weight %, 2 - 25% of Cr(s), and 1 - 7% [ of aluminum ] W 2 - 15% and 0.5 - 5% of Ti, 0 - 3% 
of Nb(s), 0 - 6% of Mo, 1 - 12% of Ta, 0 - 4% of Re, 7.5 - 25% of Co(es), less than [ FeO.5% ], CO.20% 
Nozzle for gas turbines characterized by consisting of a casting of nickel radical alloy containing 0 - 2.0% of 
Hf(s), less than [ ZrO.02% ], and 40% or more of nickel BO.002-0.035% hereafter. 
[Claim 23] They are claims 1-11 and a nozzle for gas turbines given in 20 and 21. Said nozzle for gas 
turbines By weight % 2 - 16% of Cr(s), and 4 - 7% [ of aluminum ] W 2 - 15% and 0.5 - 5% of Ti, 0 - 3% of 
Nb(s), 0 - 6% of Mo, 2 - 12% of Ta, 0 - 4% of Re, 7.5 - 10.5% of Co(es), and CO.20% The following, 
BO.002-0.035%, 0.1-1.1% of Hf(s), and ZrO.02% Following, It consists of a nickel radical alloy containing 
40% or more of nickel. Said amount of C and amount of B And A (CO.10%, BO.002%), The nozzle for gas 
turbines characterized by consisting of a casting in the range of B (C0%, B0.01%), C (C0%, B0.035%), and 
D(C0.1%, BO.035%). 

[Claim 24] It has the sidewall which is the connection section to the ends of the vane exposed to elevated- 
temperature high pressure gas, and this vane. A part or all of an end of said sidewall is a single crystal, and it 
is the single crystal with which said vane continued from the single crystal section of the end of this 
sidewall. It is the nozzle for gas turbines which this vane, and a part or all of a part except the end of this 
sidewall becomes from the casting of one which is the columnar crystal which carried out one direction 
coagulation continuously from the single crystal or this single crystal which continued from this single 
crystal section. Said casting by weight % 6.0 - 9.0% of Cr(s), and 5 - 6% [ of aluminum ] W 7 - 10% and 0.5 
- 1% of Ti, 0.3 - 0.7% of Mo, 2.5 - 5.0% of Ta, 0 - 3.2% of Re, 8 - 10.5% of Co(es), and 0.03 - 0.1% [ of C ] 
B 0,002 - 0.035% and 0.5 - 1 .8% of Hf(s), less than [ ZrO.02% ], And the nozzle for gas turbines 
characterized by consisting of a nickel radical alloy containing 40% or more of nickel. 
[Claim 25] It has the sidewall which is the connection section to the ends of the vane exposed to elevated- 
temperature high pressure gas, and this vane. A part or all of an end of said sidewall is a single crystal, and it 
is the single crystal with which said vane continued from the single crystal section of the end of this 
sidewall. In the nozzle for gas turbines which this vane, and a part or all of a part except the end of this 
sidewall becomes from the casting of one which is the columnar crystal which carried out one direction 
coagulation continuously from the single crystal or this single crystal which continued from this single 
crystal section Said nozzle for gas turbines is weight %. 2 - 1 6% of Cr(s), and 4 - 7% [ of aluminum ] W 2 - 
15% and 0.5 - 5% of Ti, 0 - 3% of Nb(s), 0 - 6% of Mo, 2 - 12% of Ta, 0 - 4% of Re, 7.5 - 10.5% of Co(es), 
less than [ CO.20% ], BO.002-0.035%, 0.1 - 1.1% of Hf(s), and ZrO.02% Following, It consists of a nickel 
radical alloy containing 40% or more of nickel. Said amount of C and amount of B And A (CO.10%, 
BO.002%), The nozzle for gas turbines characterized by consisting of a casting in the range of B (C0%, 
BO.01%), C (C0%, BO.035%), and D (CO.1%, BO.035%). 

[Claim 26] In the gas turbine which drives a generator by buming with a combustor the air compressed by 
the compressor, and rotating a turbine disc with this combustion gas said gas turbine ~ three or more steps 
of turbines — having — the first rank of said turbine ~ a bucket The vane exposed to elevated-temperature 
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high pressure gas, and the plat form which is the overhang section for standing in a row in this vane, and 
intercepting elevated-temperature high pressure gas, The shank section v^hich has the distance for standing 
in a row in this plat form, and acquiring temperature gradient sufficient between this vane and a disk. The 
seal fin which is the projection for intercepting the elevated-temperature high pressure gas formed in this 
shank section, It has the dovetail which is an embedding part to the disk which stands in a row in this shank 
section. The single crystal with which said vane is a single crystal and this vane and a part of part except 
said seal fin continued fi-om this vane, from the casting of one which is the columnar crystal in which the 
remainder carried out one direction coagulation continuously fi'om this single crystal — becoming ~ fiirther - 
- the first rank of said turbine — a nozzle It has the sidewall which is the connection section to the ends of 
the vane exposed to elevated-temperature high pressure gas, and this vane. A part or all of an end of said 
sidewall is a single crystal, and it is the single crystal with which said vane continued fi-om the single crystal 
section of the end of this sidewall. The gas turbine characterized by this vane, and a part or all of a part 
except the end of this sidewall consisting of a casting of one which is the columnar crystal which carried out 
one direction coagulation continuously firom the single crystal or this single crystal which continued fi'om 
this single crystal section. 

[Claim 27] In the gas turbine which drives a generator by burning with a combustor the air compressed by 
the compressor, and rotating a turbine disc with this combustion gas said gas turbine — three or more steps 
of turbines — having ~ said temperature of combustion — a combustor — 1 500 or more and the first rank ~ 
the inlet port of a turbine — 1 300 degrees C or more — it is — the first rank of said turbine — a nozzle The 
width of face of a vane has the sidewall which is the connection section to the ends of the vane exposed to 
elevated-temperature high pressure gas by 70mm or more, and this vane. A part or all of an end of said 
sidewall is a single crystal, and it is the single crystal with which said vane continued firom the single crystal 
section of the end of this sidewall. This vane, and a part or all of a part except the end of this sidewall 
consists of a casting of one which is the columnar crystal which carried out one direction coagulation 
continuously fi-om the single crystal or this single crystal which continued from this single crystal section, 
and generation-of-electrical-energy capacity is 2.5. Gas turbine characterized by being 10,000 or more kW. 
[Claim 28] In the gas turbine which drives a generator by burning with a combustor the air compressed by 
the compressor, and rotating a turbine disc with this combustion gas said gas turbine — three or more steps 
of turbines — having — said temperature of combustion ~ a combustor — 1500 degrees C or more and the 
first rank — the inlet port of a turbine — 1300 degrees C or more — it is — the first rank of said turbine — a 
nozzle The width of face of a vane has the sidewall which is the connection section to the ends of the vane 
exposed to elevated-temperature high pressure gas by 70mm or more, and this vane. A part or all of an end 
of said sidewall is a single crystal, and it is the single crystal with which said vane continued from the single 
crystal section of the end of this sidewall. This vane, and a part or all of a part except the end of this sidewall 
consists of a casting of one which is the columnar crystal which carried out one direction coagulation 
continuously from the single crystal or this single crystal which continued from this single crystal section, 
and said casting is weight %. 6.0 - 9.0% of Cr(s), and 5 - 6% [ of aluminum ] W 7 - 10% and 0.5 - 1% of Ti, 
0.3 - 0.7% of Mo, 2.5 - 5.0% of Ta, 0 - 3.2% of Re, 8 - 10.5% of Co(es), and 0.03 - 0.1% [ of C ] B 0.002 - 
0.035% and 0.5 - 1.8% of Hf(s), less than [ ZrO.02% ], And it consists of a nickel radical alloy containing 
65% or more of nickel, and generation-of-electrical-energy capacity is 2.5. Gas turbine characterized by 
being 10,000 or more kW. 

[Claim 29] The gas turbine driven with the combustion gas of elevated-temperature high voltage, and the 
exhaust-heat-recovery boiler made to generate a high-pressure steam with the combustion gas of this gas 
turbine, In the combined cycle power generation plant equipped with the generator driven with the steam 
turbine driven with said high voltage steam, and said gas turbine and steam turbine Said gas turbine has 
three or more steps of turbines. With a combustor said temperature of combustion 1500 degrees C or more. 
It is 560 degrees C or more at the inlet port of a turbine at the outlet of 1300 degrees C or more and the last 
turbine, the temperature of the steam obtained by said exhaust-heat-recovery boiler is 530 degrees C or 
more, and said steam turbine is high low voltage one apparatus, the first raiJc — 50,000kW or more and the 
generation-of-electrical-energy capacity of a steam turbine by 30,000kW or more [ the generation-of- 
electrical-energy capacity of said gas turbine ] the comprehensive generation efficiency of an entire plant — 
45% or more — the first rank of said gas turbine — a turbine nozzle The width of face of an aerofoil has the 
sidewall which is the connection section to the ends of the vane exposed to elevated-temperature high 
pressure gas by 1 00mm or more, and this vane. It is cooled with the closed cooling system for using media 
other than air for a cooling medium. A part or all of an end of said sidewall is a single crystal, and it is the 
single crystal with which said vane continued from the single crystal section of the end of this sidewall. This 
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vane, and a part or all of a part except the end of this sidewall consists of a casting of one which is the 
columnar crystal which carried out one direction coagulation continuously from the single crystal or this 
single crystal which continued from this single crystal section, and said casting is weight %. 6.0 - 9.0% of 
Cr(s), and 5 - 6% [ of aluminum ] W 7 - 10% and 0.5 - 1% of Ti, 0.3 - 0.7% of Mo, 2.5 - 5.0% of Ta, 0 - 
3.2% of Re, 8 - 10.5% of Co(es), 0.03 - 0.1% B 0.002 - 0.035%, 0.5 - 1.8% of Hf(s) of C, ZrO.02% The 
following and combined cycle power generation plant characterized by consisting of a nickel radical alloy 
containing 65% or more of nickel. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the efficient gas turbine and combined-cycle-power- 
generation system using this nozzle further about the new nozzle for gas turbines excellent in tiie creep 
strength and the heat-resistant fatigability in an elevated temperature. 
[0002] 

[Description of the Prior Art] For the nozzle of the gas turbine for a generation of electrical energy, the 
nozzle which prepared the cooling hole in the interior with lifting of nickel radical or Co radical superalloy 
of the temperature of combustion [ the cast is usually used widely and ] in recently aiming at improvement 
in generation efficiency is in use. However, if it leading to decline in generation efficiency on the contrary 
and the temperature gradient between the front face of an aerofoil and the interior become large, since 
thermal stress will increase, increasing further the amount of the compressed air used for cooling 
corresponding to lifting of the temperature of combustion, in order to strengthen internal intercooling cannot 
respond to lifting of the temperature of combustion beyond the actual condition only by the consolidation of 
internal intercooling. Then, the above-mentioned nickel radical or the ingredient of Co radical superalloy 
which usually excelled the cast in strength in high temperature is needed. 

[0003] In addition, the alloy shown in a U.S. Pat. No. 4,039,330 official report or a U.S. Pat. No. 4,810,467 
official report as the above-mentioned alloy for nickel radical common casting for nozzles, the alloy shown 
in a U.S. Pat. No. 3,383,205 official report or JP,3-215644,A as an alloy for Co radical common casting for 
nozzles are mentioned. 
[0004] 

[Problem(s) to be Solved by the Invention] There are the columnar crystal material and single crystal 
material of nickel radical superalloy which arc used witti the bucket or nozzle of an aviation gas turbine as 
nickel radical for the conventional nozzles or an ingredient of a Co super-radical alloy which usually 
excelled the cast in strength in high temperature. 

[0005] The columnar crystal material of nickel radical superalloy is mainly manufactured with the 
unidirectional solidification process shown in the U.S. Pat. No. 3,260,505 official report. This approach is an 
approach of making mold solidifying gradually from a cash drawer and a soffit caudad out of the heated 
fumace. An improvement of creep strength is possible by making parallel the principal stress direction and 
the direction of the grain boundary by this approach. 

[0006] This columnar crystal material is cast in the alloy shown in JP,56-108852,A, JP,2-153037,A, JP,3- 
97822,A, etc. However, the alloy for these conventional columnar crystals contains grain boundary 
consolidation elements, such as B, C, Zr, and Hf, so much for the consolidation of the grain boundary. 
Although these grain-boundary consolidation elements raise the reinforcement of a grain boundary, a peirt is 
segregated between dendrite arms and reduces the melting point of the segregation section remarkably. 
Therefore, the conventional alloy for columnar crystals cannot make solution-heat-treatment temperature 
high, and since solution-izing was inadequate, it was not able to raise strength in high temperature 
substantially, furthermore, although the cooling hole of the nozzle for gas turbines is formed using a ceramic 
core, molten metal is******** about a core — it solidifies in the condition and is cooled to a room 
temperature after that. When the coefficient of thermal expansion of a core and an alloy is compared, in 
order that a core may show a value smaller a figure single [ about ] than a metal, the hardly contracted core 
will be surrounded, it will contract, big tensile stress occurs in a cooling process, and the coagulation crack 
along the grain boundary where reinforcement is weak becomes easy to generate an alloy. This coagulation 
crack is remarkable at the vane used as thin meat in order to heighten the cooling effect, with the nozzle of 
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the gas turbine for a generation of electrical energy which becomes large-sized compared with the object for 
aircrafts, it is easier to generate a coagulation crack and the yield worsens. 

[0007] On the other hand, as an ingredient which raised strength in high temperature substantially, there is 
single crystal material of nickel radical superalloy manufactured by the approach shown in a U.S. Pat. No. 
3,494,709 official report, and it is applied to the bucket and nozzle of an aviation gas turbine. Although there 
is an alloy shown in JP,58-63212,A, JP,2-45694,B, JP,3-75619,B, etc. as an alloy used for this, a grain 
boundary consolidation element is dealt with as an impurity element, since the content is lessened as much 
as possible, the melting point of the segregation section rises, and each of these makes perfect solution heat 
treatment possible. Therefore, this alloy for single crystals has strength in high temperature higher 40-50 
degrees C than the alloy for columnar crystals. However, since the alloy for single crystals lessens the grain 
boundary consolidation element as much as possible, the grain boundary is dramatically weak, and if there is 
a different crystal with which crystal orientation differs, a crack will enter easily in the grain boundary. 
Usually, if there is the grain boundary, it will become the weakness which is extent into which a crack goes 
only by cooling after casting. Therefore, it is necessary to use as a perfect single crystal without a different 
crystal the nozzle cast using the alloy for single crystals. However, the gas turbine for a generation of 
electrical energy is large-sized compared with the object for aircrafts, and it is dramatically difficult to use a 
nozzle especially with a complicated configuration as a perfect single crystal. 

[0008] With the conventional columnar crystal nozzle, if the thinning of the vane is carried out in order to 
heighten the cooling effect, in order to become easy to generate a coagulation crack and to prevent a 
coagulation crack, when a crystal-stressing element is added so much, there is a fault that the improvement 
in on the strength cannot be aimed at, and improvement in effectiveness of a gas turbine was not able to be 
aimed at as stated above. 

[0009] Moreover, in a large-sized complicated configuration article, since it was easy to generate a different 
crystal, the single crystal nozzle excellent in high temperature strength had a bad yield, and since it was 
inapplicable as a nozzle of the gas turbine for a generation of electrical energy, it was not able to aim at 
improvement in effectiveness of a gas turbine. 

[0010] The object of this invention is to offer the nozzle for gas turbines which was excellent in fluidity and 
was moreover excellent in strength in high temperature, and the gas turbine using the manufacturing method 
and it. 
[0011] 

[Means for Solving the Problem] This invention is obtained as a result of examining the crystallinity of the 
ingredient presentation and gas turbine nozzle which have grain-boundary reinforcement sufficient as a gas 
turbine nozzle possible [ the solution heat treatment in an elevated temperature ]. In the nozzle for gas 
turbines which has the sidewall which is the connection section to the ends of the vane by which this 
invention is exposed to elevated-temperature high pressure gas, and this vane The single crystal with which 
the end of said vane and said sidewall is a single crystal, and this vane and a part of part except the end of 
this sidewall continued fi-om this single crystal section, In the nozzle for gas turbines which the remainder 
becomes fi-om the casting of one which is the colunmar crystal which carried out one direction coagulation 
continuously from this single crystal, it became clear that the gas turbine nozzle which combines the high 
temperature strength which is not in the former, and manufacturability is obtained. The bearing difference 
between the crystal grain which adjoins the bearing difference between each crystal grain at a vane and a 
part of sidewall can permit especially this invention to 20 degrees in the remaining part less than 8 times. 
[0012] moreover, the sidewall which is the connection section — usually — the first rank — although it is in 
the both sides of a vane in a turbine, henceforth [ second stage ], it may become only one side In this case, it 
is using a nozzle as the casting of one which said vane's is a single crystal and is the columnar crystal in 
which the remainder carried out one direction coagulation continuously firom this single crystal, and the gas 
turbine nozzle which combines the high temperature strength which is not in the former, and 
manufacturability is obtained. 

[0013] It is a vane that the high temperature strength which was most excellent in the gas turbine nozzle is 
required. Moreover, single-crystal-izing is difficult for a height like a sidewall. Then, a part or all of an end 
of a sidewall is a single crystal, and the nozzle for gas turbines which consists of a casting of one which is 
the single crystal with which the vane continued fi-om the single crystal section of the end of this sidewall, 
and is the columnar crystal in which this vane and a part of part except the end of this sidewall carried out 
one direction coagulation continuously fi-om the single crystal or this single crystal which continued fi-om 
this single crystal section is desirable in respect of high temperature strength and manufacturability. 
Moreover, a part or all of an end of a sidewall The bearing difference between adjoining crystal grain is the 
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columnar crystal of less than 8 times, and the bearing difference between the adjoining crystal grain with 
which the bearing difference between the crystal grain with which this sidewall adjoins carried out one 
direction coagulation of the vane continuously from the colunmar crystal of less than 8 times consists of a 
columnar crystal of less than 8 times. The same is said of the nozzle for gas turbines which consisted of 
castings of one with which the bearing difference between the adjoining crystal grain in which this vane and 
a part of part except the end of this sidewall carried out one direction coagulation continuously from this 
columnar crystal section consists of a colunmar crystal of less than 20 degrees. 

[0014] That is, although the bearing difference between the crystal grain with which a vane adjoins from the 
point of high temperature strength and the point of intercrystalline crack prevention of a thin- walled part 
needs to be the columnar crystal or the still more desirable perfect single crystal of less than 8 times, the 
columnar crystal of less than 20 degrees is sufficient as the bearing difference between the crystal grain with 
which the other parts which the reinforcement like a vane is not required but become still more nearly 
heavy-gage adjoin. Furthermore, it is also possible to consider as equiaxed grain depending on a part. 
[0015] When while will be involved in ends the sidewall side of the end and they are made to solidify the 
gas turbine nozzle which has a sidewall in the direction of a sidewall, A part of sidewall by the side of a 
chill plate, or after all reaching and using a vane as a single crystal. In order to use a part or all of a sidewall 
by the side of the last coagulation section which furthermore tums into the overhang section as the single 
crystal which continued from this single crystal section, it is effective to prepare a coagulation acceleration 
path between at least one place of said single crystal section and the sidewall by the side of said last 
coagulation section. This coagulation acceleration path is effective in prevention of casting defects, such as 
a shrinkage cavity, even when not single-crystal-izing the sidewall by the side of the last coagulation 
section. In the gas turbine nozzle which prepared the sidewall only in the end of a vane, coagulation 
acceleration **** is prepared between a vane or a selector and the single crystal limb between vanes, and a 
sidewall. 

[0016] In the nozzle for gas turbines, a heat-resistant fatigability is important. This is for compressive stress 
to commit ends to the sidewall and perpendicular direction of a vane during operation with the nozzle for 
gas turbines of the configuration restrained by the sidewall, and for a tensile stress to act on reverse at the 
time of shutdown. In order to solve this, the nozzle for gas turbines which only the vane was single-crystal- 
ized [ nozzle ] at least and grew up other one perpendicularly in parallel to the sidewall longitudinal 
direction in this vane to the sidewall longitudinal direction in one of the three <100> directions which 
crosses vertically mutually is effective. This will be because thermal stress of the direction can be made 
small, if the direction which the biggest heat strain generates is made into the <100> directions, since nickel 
radical superalloy has the smallest Yoimg's modulus of the <100> directions. Usually, the seed crystal which 
changes from the single crystal which controlled crystal orientation beforehand to control of this crystal 
orientation is used for a starter. 

[0017] Usually, when a single crystal is cast using two or more seed crystal, the interface of the crystal 
which grew from each kind serves as a grain boundary, and reinforcement falls. However, since the nozzle 
for gas turbines of this invention can permit the bearing difference between adjoining crystal grain to 20 
degrees in other parts to 8 degrees at a vane, it can manufacture the casting of one from two or more seed 
crystal. Then, in order to single-crystal-ize two sidewalls greatly jutted out of the vane, the thing containing 
a vane for which many parts are single-crystal-ized becomes possible by making the coagulation direction 
into a gas entry side direction from the gas outlet side direction [ from the gas entry side of a vane ], or gas 
outlet side of a vane, and carrying out one direction coagulation of the two sidewalls using respectively 
different seed crystal as it can do. Moreover, also in the nozzle for gas turbines which has two or more vanes 
in the casting of one, it becomes possible to single-crystal-ize two or more aerofoils by using two or more 
seed crystal. 

[001 8] A vane front face may be coated with the alloy layer which contains Cr, aluminum, and Y excellent 
in corrosion resistance, and uses both Co, or both [ one side or ] as the remainder with the nozzle for gas 
turbines of this invention. Furthermore, in the nozzle for gas turbines of this invention, thermal barrier 
coating which becomes a vane and the outermost front face of the circumference of it from a ceramic layer 
may be given. 

[0019] Improvement in the high temperature strength by solution treatment is possible for the nozzle for gas 
turbines of this invention, and it can permit existence of the grain boundary in a part or all other than a vane. 
This is weight %. 2 - 25% of Cr(s), and 4 - 7% [ of aluminum ] W 2 - 15% and 0.5 - 5% of Ti, 0 - 3% of Nb 
(s), 0 - 6% of Mo, 1 - 12% of Ta, 0 - 4% of Re, 7.5 - 25% of Co(es), less than [ FeO.5% ], less than 
[ CO.20% ], BO.002-0.035%, 0 - 2.0% of Hf(s), and ZrO.02% In the casting which are the following and 
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nickel radical alloy which contains 45 - 85% of nickel preferably 40% or more, it is possible. 
[0020] In order to perform sufficient solution treatment, without producing initial melting substantially 
especially A crystal-stressing element less than [ CO.02% ] and BO.002-0.035% at 0.1 - 1.1% of Hf(s), and 0 
- 0.02% of Zr And it is desirable that the amount of C and the amount of B are in the range of A (CO. 10%, B 
0.002%), B (C0%, BO.01%), C (C0%, BO.035%), and D (CO.1%, BO.035%). 

[0021] For prevention of the intercrystalline crack at the time of casting, creep strength, a heat-resistant 
fatigability, and the nozzle for gas turbines that maintained balance in each corrosion resistance and 
oxidation-resistant property Especially by weight % 6.0 - 9.0% of Cr(s), and 5 - 6% [ of aluminum ] W 7 - 
10% and 0.5 - 1% of Ti, 0.3 - 0.7% of Mo, 2.5 - 5.0% of Ta, 0 - 3.2% of Re, 8 - 10.5% of Co(es), and 0.03 - 
0.1% [ of C ] B 0.002 - 0.035% and 0.3 - 1.8% of Hf(s), less than [ ZrO.02% ], And the presentation which is 
nickel radical alloy which contains 65 - 70% of nickel preferably 60% or more is suitable. 
[0022] the first rank which receives a big thermal stress load by a metal temperature becoming high most 
and being especially restrained by the sidewall of ends althou^ the nozzle for gas turbines of this invention 
can use a turbine for any turbine of three steps or the gas turbine which it has four steps — it is suitable for 
the nozzle of a tvirbine. What used the whole as a colunmar crystal or equiaxed grain is used after the second 
step in many cases. 

[0023] It is suitable for the nozzle for gas turbines of this invention for it to be solution-ized in the range 
below initial melting temperature for 2 to 60 hours, and to perform heat treatment by further 900-1 1 50 
degrees C for 8 to 100 hours at 4 - 20 hours and 760-900 degrees C beyond the dissolution temperature of 
the deposit ganraia* phase of the alloy after casting. 

[0024] The process which sets mold for the nozzle for gas turbines of this invention to form this nozzle on a 
water-cooled chill plate. The process which heats said mold to temperature predetermined in a vacuous 
heating fiimace, and the process which casts a molten metal to the mold with which the casting raw material 
was dissolved within the same vacuum chamber as mold, and the above was heated, It is cast by the process 
which draws out the mold containing this molten metal from said heating fixmace, uses only a vane as a 
single crystal at least, and uses a part of parts other than said vane as the casting of one which is the 
columnar crystal which carried out one direction coagulation continuously with the single crystal or this 
single crystal which carried out one direction coagulation continuously with this vane. 
[0025] As for the above-mentioned mold drawer rate, it is desirable to consider as 15 or less cm/h in single 
crystal manufacture, and if it can check that the vane has been single-crystal-ized, it can make a cash-drawer 
rate 20 - 45 cm/h with the remainder. Although these are better as they can be manufactured, respectively, 
about the point of the yield to single crystal manufacture, 1 0 cm/h extent is desirable. Moreover, since the 
difference of the crystal orientation between colxmmar crystals will exceed 20 degrees and will serve as 
equiaxed grain further about the remainder used as a columnar crystal, if 50 cm/h is exceeded, in order for 
the crystal orientation difference between the columnar crystals with which 45 or less cm/h is good with 
columnar crystals, and adjoins to obtain the good columnar crystal of 20 or less degrees, it is 30 - 45 cm/h 
preferably suitably that a drawer rate is also too slow. 

[0026] Although a vane is a single crystal at least, and improvement in the high temperature strength by 
solution heat treatment is possible for this invention and it is the nozzle for gas turbines which can permit 
existence of a grain boundary in a part or all other than a vane, the whole nozzle may serve as a single 
crystal as a result. Moreover, it is characterized by the nozzle of this invention consisting of a casting of one. 
That is, the whole casting remelts one master INGOTO, and consists of what was continuously solidified 
from the chill plate section to the one direction, having applied to the last coagulation section, and, as for 
discontinuous coagulation, i.e., generating of equiaxed grain etc., controlling as much as possible is 
desirable in respect of high temperature strength. This invention is made to generate a columnar crystal from 
the single crystal section by changing the configuration of a coagulation interface. The configuration of a 
coagulation interface is [ whenever / mold cash-drawer rate and mold stoving temperature ] controllable by 
changing the cast cross section and the mold cross section. The crystal orientation difference between the 
columnar crystals with which the columnar crystal obtained by this approach adjoins is a good columnar 
crystal 20 degrees or less. In this invention, a columnar crystal with few the single crystal sections and 
bearing differences is obtained, and the description is not to include the process of complicated junction. 
Furthermore, if it is the presentation of this invention, since the crystal orientation difference between 
adjoining columnar crystals can be made larger than the usual single crystal alloy, it is possible to obtain the 
nozzle of high intensity by being able to ease a limit of the bearing difference of tiie three aforementioned 
shafts, and performing solution heat treatment. 

[0027] In the gas turbine which drives a generator by the second invention of this invention buming with a 
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combustor the air compressed by the compressor, and rotating a turbine disc with this combustion gas said 
gas turbine — three or more steps of turbines — having - the first rank of said turbine — a nozzle It has the 
sidewall which is the connection section to the ends of the vane exposed to elevated-temperature high 
pressure gas, and this vane. A part or all of an end of said sidewall is a single crystal, and it is the single 
crystal with which said vane continued fi-om the single crystal section of the end of this sidewall. It is the 
gas turbine characterized by this vane, and a part or all of a part except the end of this sidewall consisting of 
a casting of one which is the columnar crystal which carried out one direction coagulation continuously 
from the single crystal or this single crystal which continued fi-om this single crystal section. 
[0028] this invention — especially — the temperature of combustion — a combustor ~ 1500 degrees C or 
more and the first rank — the inlet port of a turbine — 1 300 degrees C or more — it is — the first rank of said 
turbine — the nozzle is suitable for the gas turbine for a generation of electrical energy of elevated- 
temperature large capacity from which the width of face of a vane is set to 70mm or more. Since this runs 
short of high temperature strength with the conventional columnar crystal nozzle difficult [ it / to single- 
crystal-ize the whole nozzle ] so that a gas turbine becomes large-sized, it is because it cannot respond to 
elevated-temperature-ization of a gas turbine. 

[0029] The gas turbine which drives the fourth invention of this invention with the combustion gas of 
elevated-temperature high voltage. The exhaust-heat-recovery boiler made to generate a high-pressure steam 
with the combustion gas of this gas turbine. In the party INDO cycle power generating plant equipped with 
the generator driven with the steam turbine driven with said high voltage steam, and said gas turbine and 
steam turbine Said gas turbine has three or more steps of turbines. With a combustor said temperature of 
combustion 1500 degrees C or more, It is 560 degrees C or more at the inlet port of a turbine at the outlet of 
1300 degrees C or more and the last turbine, the temperature of the steam obtained by said exhaust-heat- 
recovery boiler is 530 degrees C or more, and said steam turbine is high low voltage one apparatus, the first 
rank ~ 50,000kW or more and the generation-of-electrical-energy capacity of a steam turbine by 30,000kW 
or more [ the generation-of-electrical-energy capacity of said gas turbine ] the comprehensive generation 
efficiency of an entire plant - 45% or more — the first rank of said gas turbine - a turbine nozzle The width 
of face of an aerofoil has the sidewall which is the connection section to the ends of the vane exposed to 
elevated-temperature high pressure gas by lOOnmi or more, and this vane. A part or all of an end of said 
sidewall is a single crystal, and it is the single crystal with which said vane continued fi-om the single crystal 
section of the end of this sidewall. This vane, and a part or all of a part except the end of this sidewall 
consists of a casting of one which is the columnar crystal which carried out one direction coagulation 
continuously fi-om the single crystal or this single crystal which continued from this single crystal section, 
and the thing of the above-mentioned [ said casting ] is used. 

[0030] The nozzle of a gas turbine is used in the gas of the temperature more than the melting point of 
nickel radical superalloy. Therefore, a nozzle usually introduces a part of compressed air of a compressor 
into the interior of a nozzle, and it is cooled so that the skin temperature of a nozzle may become about 1000 
degrees C or less. In this case, air flows out of the hole ftxrther prepared in the aerofoil front face outside in 
the shape of a layer, and cools a front face. Furthermore, it is possible to cool a nozzle at higher cooling 
effectiveness using a medium with the bigger specific heat than air. In this case, in order that a cooling 
medium may use the inside of the closed cooling path, circulating, a cooling hole is not prepared in a nozzle 
other than the inlet port and outlet of a cooling medium. This cooling system is called closed cooling 
system, and a steam is used as a cooling medium in many cases. In this closed cooling system, that a cooling 
medium is revealed outside leads to the remarkable decline in effectiveness. With the conventional nozzle, 
since it is not body of revolution, the design which permits existence of a crack has been performed. 
However, a vane is single-crystal-ized, and since the direction which becomes fiirther the severest [ thermal 
fatigue ] is doubled with <100> bearings in which thermal stress becomes small most, it excels in a heat- 
resistant fatigability and is hard to generate a crack with the nozzle of this invention. Therefore, this 
invention nozzle can be said to be the suitable nozzle for the gas turbine of closed cooling system. 
[0031] The nozzle for gas turbines conceming this invention made as small as possible the difference of the 
crystal orientation between the crystal grain with which a vane is used as an one direction coagulation 
columnar crystal, and the columnar crystal section adjoins it other than [ a part of] a single crystal and a 
vane, and made especially the difference less than 20 degrees. Therefore, in spite of having lessened the 
addition of a grain boundary consolidation element so that solution heat treatment might be possible, it 
becomes possible to produce the healthy columnar crystal bucket which the vertical crack at the time of 
coagulation does not generate in the columnar crystal section. 

[0032] In this invention, a still more important point is in the point which found out the addition of the 
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optimal grain boundary consolidation element in the nozzle for gas turbines which has a crystal orientation 
difference between the adjoining crystal grain by which the above was controlled. This optimal addition 
solves simultaneously the problem which suits and is contradictory with the conventional technique of 
making possible solution heat treatment which makes the deposit gamma' phase more than about 50 volume 
% dissolving in gamma-phase, without preventing ****** at the time of coagulation, and producing about 
5% or more of initial melting. The yield can obtain the nozzle for gas turbines which has high and, high 
creep strength these results. Here, if the difference of crystal orientation exceeds 20 degrees, not only creep 
strength falls to about 10 - 50% of the reinforcement of a single crystal, but at the time of coagulation, it will 
become easy to generate a vertical crack in the grain boundary, and the yield will fall to it remarkably. 
Moreover, if the amount of initial melting exceeds about 8 volume %, even if it makes the deposit gamma' 
phase more than about 50 volume % dissolve in gamma-phase, creep strength will not improve and a heat- 
resistant fatigue property will fall remarkably. 

[0033] Moreover, it is an alloy containing the aforementioned crystal-stressing element, and, naturally it is 
also possible to use the whole nozzle as a single crystal. Although the creep strength in an elevated 
temperature is inferior compared with what was cast in the alloy only for single crystals with which this 
nozzle does not contain a grain boundary consolidation element, since the bearing difference between 
adjoining crystal grain is permissible to 20 degrees, except the vane front face which becomes an elevated 
temperature, the crystal orientation measurement by the X-ray which was required of the conventional 
single crystal aerofoil can be simplified substantially. Furthermore, there is no effective inspection means to 
the crystal defect inside an aerofoil, it usually samples, and the aerofoil is cut and inspected by the trial. 
However, with the nozzle for the gas turbines for a generation of electrical energy with which an aerofoil 
becomes large-sized, in the sampling trial, reservation of dependability was difficult and it had become a big 
neck when applying a single crystal nozzle to the gas turbine for a generation of electrical energy. However, 
in this invention, since the bearing difference between adjoining crystal grain was permissible to 20 degrees 
except a vane, about the dependability of a nozzle, it could improve substantially and became applicable to 
the gas turbine for a generation of electrical energy of a high intensity nozzle. 

[0034] In this invention, the optimal addition of said grain boxmdary consolidation element was determined 
as shown below. 

[0035] Hf improves the ductility in the elevated temperature of the grain boundary while having 
effectiveness in prevention of the vertical crack at the time of coagulation. However, in order that 
superfluous addition may increase remarkably the amount of eutectic **** generated at the time of 
coagulation and may maJke effective solution heat treatment impossible, the maximum addition is 2.0%. It is 
limited to below. Although Hf can also be made additive-free since Zr or B can be substituted for a part of 
effectiveness of Hf, 0.1 - 1.1% of Hf needs to be added suitably. 

[0036] B and Zr are elements with the highest effectiveness at prevention of the vertical crack at the time of 
coagulation, and improvement in the high temperature strength of the grain boundary, and the effectiveness 
is dozens of ppm. It appears from extent. However, nickel and the eutectic of a low-melt point point are both 
generated, and since the solid-solution limit to nickel is remarkable and small, the addition is restricted 
severely. A proper addition is B:0.002 - 0.035%, and Zr:0.02%. It is the following. 

[0037] C forms carbide and raises the high temperature strength of the grain boundary. However, if it adds 
superfluously, also into crystal grain, unnecessary carbide will be generated so much and high temperature 
strength will be reduced on the contrary, therefore, an addition ~ 0.20% it restricts to below ~ having — 
suitable - 0.03 - 0.1% it is . 

[0038] A part of effectiveness over the grain boundary of B and C is common, and it needs the effectiveness 
of multiplication. It is desirable to carry out relation between the amount of C and the amount of B within 
limits which connect A (CO.10%, BO.002%), B (C0%, BO.01%), C (C0%, BO.035%), and D (CO.1% and 
BO.035%) from the propriety of prevention of the vertical crack at this to the time of coagulation and 
effective solution heat treatment and a viewpoint of high temperature strength. 

[0039] The effectiveness of the element of others which are contained in nickel radical superalloy which 
constitutes the gas turbine bucket of this invention is shown below. 

[0040] While Co dissolves in a matrix and raises high temperature strength, it contributes to corrosion- 
resistant improvement, but if it adds superfluously, a deposit of a harmful intermetallic compound will be 
promoted and lowering of high temperature strength will be caused, therefore, an addition — 7.5 - 25% the 
following - carrying out - especially the addition desirable [ 7.5 - 10.5% of range ], and optimal ~ 8 - 



[0041] Although Cr is an essential element for improvement in corrosion resistance, if it adds superfluously, 



10.5% it is . 
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a harmful intermetallic compound will deposit and high temperature strength will fall remarkably. 
Therefore, an addition is made into 2 - 25% or less, 2 - 16% of its range is especially desirable, and the 
optimal addition is 6 - 9%. aluminum and Ti are aluminum: 1-7% and Ti:0.5-5%, in order to be an essential 
element for depositing, the gamma* phase 3 (Ai, Ti), i.e., nickel, which is the reinforcer of nickel radical 
superalloy, and to obtain high temperature strength sufficient as nozzle material for the gas turbines for a 
generation of electrical energy. Addition is required, furthermore — desirable — aluminum:4-7% and Ti:0.5- 
5% it is - the most suitable range — aluminum:5-6% and Ti:0.5-1% it is . 

[0042] Although Nb and Ta dissolve to gamma' phase which is a precipitation-strengthening phase and 
contribute to improvement in high temperature strength, if it adds superfluously, they will be segregated to 
the grain boundary and will reduce hi^ temperature strength on the contrary. Making an addition into less 
than [ Nb:3% ] and Ta:l-12%, especially the optimum range of Ta is 2.5 - 5%. 
[0043] W, Mo, and Re carry out solid solution strengthening of gamma-phase [ of a matrix ], and its 
effectiveness is large to especially an improvement of long duration reinforcement. However, if it adds 
superfluously, it will lead to the deposit of an intermetallic compound or the primary solid solution of W, 
Mo, and Re, and high temperature strength will be reduced on the contrary. Then, it considers as less than 
[ Mo:6% ] and less than [ Re:4% ] W:2 to 15%, and an addition is W:7 - 10%, 0.3 - 0.7% or less of Mo, and 
Re:0-3.2% especially. The range is desirable. 
[0044] 

[Embodiment of the Invention] 

[Example 1] Drawing 1 is the perspective view of the nozzle for gas turbines for a generation of electrical 
energy conceming this invention. The intemal intercooling structure applied to the cooling hole 5 from the 
cooling air input 4 is a top view of a core where drawing 2 uses a silica as a principal component, and 
casting is performed using it. A core is removed by the alkali solution after casting. 

[0045] Drawing 3 is the schematic diagram of equipment to show the manufacture approach which solidifies 
this invention nozzle from an inner circumference side to a periphery side. Also when making it solidify 
from a periphery side to an inner circumference side, the same equipment can perform. First, the ceramic 
mold 16 which uses an alumina as a principal component is fixed on the water-cooled copper chill plate 1 1 . 
It is heated all over the mold heating fumace 18 more than the melting point of nickel radical superalloy. 
Next, the alloy was dissolved with the fusion fumace 19, the molten metal was cast in the ceramic mold 16, 
and one direction coagulation of a cash drawer and the alloy was caudad carried out for the water-cooled 
copper chill plate 1 1 from the mold heating fumace 18 after maintenance for about 5 minutes. In one 
direction coagulation, many crystals are generated with a starter 12 at first, and then only one crystal is 
selectively grown up by the selector 13, and let the part above a selector be a single crystal. Although this 
single crystal was expanded by the limb 14, since the big overhang section existed in the direction vertical to 
the coagulation direction, it prepared two or more these limbs by this example. Thereby, although it became 
possible to use a sidewall 2 as a perfect single crystal as shown in drawing 4 , also when a columnar crystal 
existed in the part shown in drawing 5 , it was. Furthermore, there were some to which equiaxed grain exists 
in the edge of the sidewall 2 shown in drawing 5 depending on the case. A single crystal and DS of SC are 
columnar crystals among drawing. The rate is about 50% of things which become a single crystal 
thoroughly, and about 3% of things in which equiaxed grain exists. When the alloy shown in a table 1 is 
used, even if a columnar crystal exists in a sidewall, in a nozzle, there is no big problem on reinforcement. 
Moreover, it may not become a problem even if equiaxed grain exists in a sidewall depending on the service 
condition of the system. In this case, omitting is possible except the limb connected with a vane, and since it 
lengthens at the edge of a sidewall 2 and becomes easy to generate a blow hole, it is desirable to prepare two 
or more limbs also in respect of the yield. In the sidewall 3 by the side of a periphery, a core is 
comparatively easy to consider as the single crystal or columnar crystal which carried out one direction 
coagulation continuously from the vane. However, in order to use the overhang section of a sidewall 3 as a 
single crystal or a columnar crystal, it is effective to form the coagulation acceleration path 15, as shown in 
drawing 6 . 
[0046] 
[A table 1] 
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[0047] In this invention, this is used, also in order to single-crystal-ize the overhang section and to 
columnar-crystal-ize. Therefore, not only the single crystal section but the columnar crystal section is 
sufficient as the origin of a coagulation acceleration path. In this example, two or more coagulation 
acceleration paths were established in the overhang section of a sidewall 3 from the single crystal section or 
the columnar crystal section of a sidewall 2 by the side of a chill plate. This became possible to use the 
sidewall 3 whole as a single crystal or a columnar crystal by about 80% or more of yield. If it is the alloy 
shown in a table 1 as aforementioned, even if a sidewall 3 is a columnar crystal, in operating with the 
system, it has satisfactory reinforcement. In this example, that from which the whole nozzle also including 
the edge of sidewalls 2 and 3 became a perfect single crystal was about 5% of the whole. The yield is 
improvable to about 70% by using the alloy containing the grain boundary consolidation element which this 
result shows that the jdeld at the time of using the alloy only for single crystals is about 5%, and is shown in 
a table 1 in this example. In addition, with the etching reagent of 100% hydrochloric-acid: 100% hydrogen- 
peroxide-solution =9:1, macroetching of the above crystallinity was carried out and it was checked. 
[0048] In addition, the ceramic mold 16 was pulled out thoroughly, and the mold heating furnace 18 was 
maintained at the elevated temperature until coagulation was completed. Moreover, all the processes of the 
above-mentioned dissolution and coagulation were performed in the vacuum. Casting conditions are shown 
in a table 2. Whenever [ mold stoving temperature ] inserted and measured the thermocouple into the part 
equivalent to the vane 1 in mold 16. The heating furnace 18 was made into the two-step heating method, and 
a diaphragm and a spiral water-cooled copper pipe are installed in the lower part, and it was made for the 
temperature gradient in a coagulation interface to become large further so that coagulation may tend to 
advance to an one direction. 

[0049] The die length between the sidewalls of the vane 1 of the nozzle of this example is about 100mm. 

[0050] 

[A table 2] 
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[0051] [Example 2] According to the approach shown in an example 1, the nozzle for gas turbines for a 
generation of electrical energy was cast using the alloy shown in a table 3. As shown in drawing 4 , the less 
than 20-degree columnar crystal existed [ the bearing difference between the crystal grain with which a vane 
1 and a sidewall 2 are completely single crystals, and this nozzle adjoins in a sidewall 3 ] in the part. 
Moreover, the casting crack along the grain boundary was not accepted. 

[0052] Solution heat treatment (1250-1280 degrees C and 4-12h) was performed to the above-mentioned 
nozzle in the vacuum. By this heat treatment, the big and rough deposit gamma' phase of 50 - 90% of field 
was able to be solution-ized at the rate of the volume, without producing 5% or more of initial melting. 
Particle size is about 0.5 micrometers to the field to which 2-lOh, and 800-950 degrees C performed two- 
step aging heat treatment of 4-50h at 1000-1 1 50 degrees C after solution heat treatment, and gamma' phase 
was solution-ized. Detailed gamma' phase was deposited. The tabular test piece of the thickness of 2.5mm, 
width of face of 4mm, and 200mm of parallel part chiefs was extracted, and the creep strength of a nozzle 
was evaluated so that the bearing difference of a stress axis and <100> bearings might become less than 10 
degrees from the vane of this nozzle. 

[0053] Drawing 7 is the diagram showing the relation of the creep rupture time of a nozzle and gamma' 
phase which performed solution treatment, and improved by about 1.5 to 2.5 times compared with what 
does not perform solution heat treatment. 
[0054] 
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[0055] In addition, since the crystal orientation of the growth direction of each columnar crystal and a 
perpendicular direction was uncontrollable by casting for the conventional columnar crystals, the 
intercrystalline crack occurred in the grain boundary where the bearing difference between adjoining crystal 
grain is large (about 20 degrees or more) at the time of casting, and the yield was bad. Since it was possible 
to make into less than 20 degrees the bearing difference between the crystal grain which adjoins also in the 
columnar crystal section by using the coagulation initiation section as a single crystal by the approach of this 
invention in order to use this single crystal as a seed and to grow up a columnar crystal, it did not generate 
but the intercrystalline crack became possible [ manufacturing a high intensity nozzle by the high yield ]. 
Consequently, it is 2 14 kgf^mm 1040 degrees C by performing solution treatment, while the yield improves 
about 5 times with 1 5 to 70% compared with the conventional columnar crystal nozzle. The creep rupture 
time of conditions improved more than twice with 193 to 456h by the vane. Moreover, although a part of 
sidewall section of this invention nozzle is a columnar crystal, it is performing solution heat treatment and 
the creep rupture time of the columnar crystal section also becomes twice [ about ] the conventional 
columnar crystal nozzle. 

[0056] If this invention nozzle is compared with a single crystal nozzle, this invention nozzle is inferior to 
the single crystal nozzle in elevated-temperature creep strength. However, since this invention nozzle 
contains the grain boundary consolidation element, it can permit existence of the grain boundary in parts 
other than a vane. Therefore, compared with the conventional single crystal nozzle which cannot permit 
existence of the grain boundary, the manufacture yield improves by leaps and bounds. Moreover, the tensile 
strength near 700 degree C of the columnar crystal section of this invention nozzle was higher than the 
single crystal nozzle about ten percent. It can be said that the structure which makes a vane as a single 
crystal and makes it a columnar ciystal except a vane is very effective as a nozzle for gas turbines for a 
generation of electrical energy since not the creep strength in an elevated temperature but the tensile strength 
in the temperature field near 700 degree C is required of the sidewair section, although it is thought that the 
grain boundary of a columnar crystal has contributed this to improvement in tensile strength. 
[0057] The casting conditions of a nozzle and an alloy presentation are shown in a table 4 this invention 
nozzle and conventionally. 
[0058] 
[A table 4] 
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[0059] [Example 3] In the example 2, solution heat treatment was able to be perfomied for this invention 
nozzle containing a crystal-stressing element for controlling the addition of C, B, Hf, and Zr and raising the 
melting point of eutectic structure. How to raise the melting point of eutectic structure is described 
maintaining the reinforcement of the grain boundary below. 

[0060] The alloy containing the conventional crystal-stressing element contained C, B, Hf, Zr, etc. so much, 
and since the melting point of the eutectic section was low, sufficient solution heat treatment was not able to 
do it. Then, it is Cr:2.0-16.0% at weight. Co:7.5 - 10.5%W : 2.0 - 15,0% Re:0-4.0%Mo:0-6.0% Ta: 2.0- 
12.0%aluminum:4.0-7.0% Ti: 0.5-5. 0%Zr:0-0.02% The solution heat treatment which makes 50% or more 
of deposit gamma' phase dissolve in gamma-phase at the rate of the volume, without changing the rate of the 
amount of C of an alloy and the amount of B, and producing initial melting 5% or more at the rate of the 
volxime about the alloy of nickel radical containing Hf:0. 1-1.1% is possible. And the presentation which an 
intercrystalline crack does not produce at the time of casting was considered. In addition^ examination was 
performed by casting the nozzle of the configuration actually shown in drawing 1 . 

[0061] In order to make 50% or more of deposit gamma' phase dissolve in gamma-phase at the rate of the 
volume, without producing initial melting 5% or more at the rate of the volume, it is the amount of C 0.2% 
It is the amount of the following and B 0.035% It needed to be made below. However, in this range, when 
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the usual columnar crystal nozzle with the random bearing difference between adjoining crystal grain was 
cast, except for the edge of a sidewall, the intercrystalline crack occurred on the whole surface mostly. The 
gestalt of a typical intercrystalline crack is shown in drawing 8 . 

[0062] Next, the nozzle was cast in the approach shown in an example 1 . In this case, in the vane which 
solidifies a core by******** and is used as thin meat, as shown in drawing 9 , when the bearing difference 
between the crystal grain which also adjoins a chill plate side sidewall was less than 8 degrees, the 
intercrystalline crack was not generated. Moreover, in the sidewall section, when the bearing difference 
between adjoining crystal grain was less than 20 degrees, an intercrystalline crack did not occur. 
[0063] Furthermore, when the amount of C was made and the amount of B was made into 0.005% or less 
0.025% or less, with the usual columnar crystal nozzle, the intercrystalline crack occurred all over including 
the edge of a sidewall. With the nozzle cast in the approach shown in an example 1, in the sidewall section, 
even if the bearing difference between adjoining crystal grain was less than 20 degrees, in the case of 8 
degrees or more, the intercrystalline crack occurred. In a vane, when the bearing difference between 
adjoining crystal grain was less than 5 degrees, the intercrystalline crack was not generated. 
[0064] When the part fused the first stage exceeds 5% of rates of the volume, it is 2 14 kgf^mm 1040 
degrees C. Creep rupture time did not fulfill 300h. Moreover, 50% or less of case was not filled the amount 
of the solution-ized deposit gamma* phase with the rate of the volume into 300h, either. Moreover, without 
the amount of C producing initial melting 5% or more at the rate of the volume in 0.1% or more, even if it 
made 50% or more of deposit gamma* phase dissolve in gamma-phase at the rate of the volume, there was a 
case where fracture time amount was less than 300h. The above result is collectively shown in drawing 10 . 
The nozzle which is excellent in high temperature strength, and does not produce an intercrystalline crack 
from this drawing The bearing difference between the crystal grain with which the bearing difference 
between the crystal grain which adjoins a vane adjoins a less than 8-degree columnar crystal and a sidewall 
considers as a less than 20-degree columnar crystal. It turns out that the amount of C and the amount of B 
can be manufactured by making it the range of A (CO. 10%, BO.002%), B (C0%, BO.01%), C (C0%, 
BO.035%), and D (CO.1%, BO.035%). 

[0065] [Example 4] A nozzle is made to solidify in a sidewall longitudinal direction and the direction of a 
right angle in the example 1 . In this case, it is convenient when easing thermal stress, since the growth 
direction tums into the <100> directions and this direction is in agreement with the direction of a nozzle 
where thermal stress is the severest. However, fi-om a viewpoint of casting, to the coagulation direction, 
since there is much overhang section to the direction of a right angle, coagulation tends to become 
discontinuous, and there are problems, such as generating of equiaxed grain and a shrinkage cavity. Then, 
the sidewall longitudinal direction and the parallel direction were made to solidify a nozzle in this example. 
The coagulation direction was made into the gas outlet side from the gas inlet side of a vane, and it was cast 
using seed crystal in order to double the <100> directions in the thermal stress the sidewall longitudinal 
direction and the direction of a right angle which become the severest, as shown in drawing 1 1 . Moreover, 
another <100> direction was doubled in the coagulation direction. A gating system plan is shown in drawing 
12 . The limb established the coagulation acceleration path in the overhang section by dividing into three. In 
this casting plan, the crystal defect incidence rate of the sidewall section fell compared with the approach 
shown in an example 1 . 

[0066] [Example 5] Drawing 13 is the perspective view of the nozzle of the example which has two vanes in 
the casting of one. Since a vane becomes [ the overhang section of the coagulation direction and a 
perpendicular direction ] very large compared with the nozzle of one sheet, by the conventional approach, 
single-crystal-izing is dramatically difficult for this type of nozzle. Then, as shown in drawing 14 , the 
casting direction was carried out perpendicularly at the sidewall longitudinal direction, and seed crystal was 
prepared in the bottom of each vane. Bearing of seed crystal made the <100> directions, the sidewall 
longitudinal direction, and the parallel direction another <100> directions for the coagulation direction. The 
presentation of the alloy used for casting is the same as that of what was shown in a table 1. When it casts 
using two or more seed crystal, the interface of the crystal grain which used different seed crystal as the 
nucleus serves as the grain boundary. Even when two or more seed crystal which is for bearing of the 
coagulation direction and a perpendicular direction to rotate gradually, and doubled crystal orientation 
during coagulation at accuracy when a large-sized article was cast in an unidirectional solidification process 
is used, it is difficult for this to store the bearing difference of the coalesce section in less than 3 -degree 
extent. For this reason, it is dramatically difficult to cast in the conventional single crystal alloy which 
cannot permit existence of the grain boundary in this way, using seed crystal two or more. However, when 
seed crystal is set to one, it is also difficult to become easy to generate a different crystal in the overhang 
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section, and to single-crystal-ize only a vane. Therefore, the manufacture of the nozzle for gas turbines for a 
large-sized generation of electrical energy which has two or more vanes in the casting of one which uses a 
vane as a single crystal at least in a conventional method was difficult. However, in this invention, since the 
bearing difference between adjoining crystal grain was permissible to 20 degrees in especially a sidewall to 
8 degrees, it is using two or more seed crystal, and manufacture of the large-sized nozzle which uses only a 
vane as a single crystal at least was attained. Moreover, a vane is able to single-crystal-ize the overhang 
section also in one nozzle according to the approach of this invention, using seed crystal two or more. 
[0067] Drawing 15 is the top view in which the 2 crystal plate with a thickness of 1 5mm was cast, in order 
to evaluate the reinforcement of the grain boundary of the single crystal which grew from two seed crystal. 
The test piece logging direction was made into the grain boundary, the perpendicular direction, and the 
parallel direction as shown in drawing 10 . Moreover, the difference of the crystal orientation of the 
coagulation direction of the 2 crystal plate used for the trial was less than 1 degree. 
[0068] The presentation of the alloy used for the trial is shown in a table 5. Among these, a comparison 
alloy is a single crystal alloy shown in JP,3-75619,B, and performed heat treatment shown in JP,3-75619,B. 
The heat treatment conditions of this invention alloy were made into the solution-heat-treatment (1250- 
1280-degree-C and 4-20h) back in the vacuum, and made them as two-step aging heat treatment of 4-50h by 
1000-1 150 degrees C at 2-1 Oh, and 800-950 degrees C. A test resuh is shown in a table 6. This result shows 
that the difference of crystal orientation cannot permit the difference of crystal orientation with the slight 
comparison alloy which is a single crystal alloy to the lowering on the strength with sharp 20 degrees not 
being accepted, as for this invention alloy, either. 
[0069] 
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[0070] 
[A table 6] 
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[0071] [Example 6] It is manufactured like the above-mentioned which corresponds to the following claim 
as a gas turbine nozzle of this invention. 

[0072] That to which drawing 16 corresponds to claim 3, the thing to which drawing 17 corresponds to 
claim 4, the thing to which drawing 1 8 corresponds to claim 6, the thing to which drawing 19 corresponds to 
claim 7, the thing to which drawing 20 corresponds to claim 8, the thing to which drawing 21 corresponds to 
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claim 10, the thing to which drawing 22 corresponds to claim 11, and drawing 23 correspond to claim 13. 
[0073] [Example 7] Drawing 24 is the sectional view of a gas turbine rotating part. For 30, as for a turbine 
bucket and 40, a turbine stub shaft and 33 are [ a turbine nozzle and 43 ] turbine stacking bolts. The gas 
turbine of this invention consists of one shaft type stacking type Rota, and the number of compressor discs 
36 of those with 17 step and a turbine disc 34 is three. The bucket and nozzle of the first rank and a second 
stage turbine are air cooling. There are 16 tins of combustors by the slot cool formula by the berth flow 
form. The compression ratio of a compressor is 14:1 and outlet temperature is 400 degrees C. The 
temperature of combustion in a combustor is 1475 degrees C, and the gas temperature in a turbine inlet port 
is 1350 degrees C. 

[0074] The DISUTANTO piece 49, a turbine disc 34, a spacer 48, and the stacking bolt 43 are weight, and 
nickel radical superalloy which consists of the remainder nickel is used C:0,01 - 0.05%, and Si:0.10-0.30% 
0.10 " 0.30% of Mn, Cr:13.0-19.0%, Fe:35.0-45.0%, Mo:0.1-1.0%, Nb:2.0-4.0%, Ti:1.0-2.5%, 
aluminum:©. 1-0.3%, and Co:0. 1-0.9%. As a property in this example, tensile strength is 100 to 1 15 kgC^mm 
2 or 0.2%. They were 2 and 10 - 25% of elongation percentages with a proof stress of 80 to 90 kgfi^mm, and 
35 - 65% of contraction percentages (all are the values of 538 degrees C). 

[0075] Although there were three steps of turbine nozzles 40, this invention article was applied to the first 
rank of them, the first rank ~ althou^ the nozzle all came out of one vane and had 82 sheets by the type 
which consists of one cast, the nozzle manufactured with the selector shown in the example 1 four of sheets 
[ them ] and the nozzle manufactured by the seed crystal method shown in the example 4 at other four sheets 
were applied. Among these, the nozzle manufactured by the seed crystal method made two sheets what the 
sidewall longitudinal direction and the parallel direction were made to carry out one direction coagulation, 
made bearing of the coagulation direction <100> bearings, and set vertical bearing to <100> at the sidewall 
longitudinal direction, and the thing set to <1 10> at a time. Moreover, the nozzle manufactured with the 
selector was made into one thing thoroughly used as the single crystal to the sidewall, two sheets which used 
a part of sidewall by the side of a periphery as the columnar crystal, and one thing to which a part of 
sidewall by the side of a periphery is a columnar crystal, and equiaxed grain exists in the edge of the 
sidewall by the side of inner circumference and a periphery. The alloy made heat treatment conditions in the 
vacuum +871 degrees-C-20h [ of 1250-1280 degrees-C and +1080 degrees-C-4h / of 4-20h after water- 
cooled / after air cooling ] after air cooling using the alloy E in a table 7. Although the nozzle of a second 
stage was a type which has a sidewall only in one side, a vane is a single crystal and used for eight of sheets 
of this the nozzle which used a part of sidewall as the columnar crystal. This nozzle was cast in the selector 
and made to carry out one direction coagulation in the direction of a sidewall from a vane side. The alloy 
used the alloy F in a table 7. The nozzle of the third step is also a cantilever type and the equiaxed grain of 
the alloy F in a table 7 was used. The heat treatment conditions of the second and third nozzle were made 
into +871 degrees-C-20h [ of +1080 degrees-C-4h / of 1230 degree-C-2h after air cooling / after air 
cooling ] after air cooling. 
[0076] 
[A table 7] 
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[0077] Although there were three steps of turbine buckets 33, the single crystal aerofoil which the alloy E in 
a table 7 cast was used for the first rank of them (235mm of length of a wing), heat treatment conditions — 
the first rank — it was presupposed that it is the same as that of a nozzle. Moreover, the columnar crystal 
aerofoil cast in the alloy of the B-0.005% Zr-1.4%Hf[ of 0.07%C-6.0%Cr-9.3%Co-0.5%Mo-8.4%W-2.9% 
Re-3.4%Ta-5.7%aluminum-0.7%Ti-0.015% ]-remainder nickel (% of the weight) was used for the second 
stage bucket (280mm of length of a wing), and the third step bucket (350mm of length of a wing). Heat 
treatment conditions were made into +871 degrees-C-20h [ of 1080 degree-C-4h after air cooling ] after air 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/17/2006 



JP,09- 170402, A [DETAILED DESCRIPTION] 



Page 14 of 15 



cooling. 

[0078] The generation-of-electrical-energy output obtained by this example is 60 MW, and, as for thermal 
efficiency, 34% or more of high thing is obtained. 

[0079] The gas turbine of this example was inspected routinely about one year after, and the breakage 
situation of this invention nozzle applied to the first rank was investigated. And the part was attained to the 
sidewall. [ this invention nozzle and the equiaxed grain nozzle of a presentation of 0.15%C-20%Co-23%Cr- 
2%W-0.0 1 %B-0. 5%Fe-3 .7%Ti- 1 .0%Nb- 1 .4%Ta- 1 .9%aluminum-remainder nickel (% of the weight) 
currently used for coincidence ] [ the vane ] [ the crack of a sidewall and a perpendicular direction ] It is 
thought that this crack was produced with thermal stress. On the other hand, it created by the thing and seed 
crystal method which were created with the selector among this invention nozzles, and, even in after the 
activity for about one year, a crack did not exist in what set perpendicular direction bearing to <100> at the 
sidewall longitudinal direction at all. Moreover, the crack was not found in the sidewall section in which a 
columnar crystal and equiaxed grain exist, either. However, a small number of crack was found very much 
in the vane what set perpendicular direction bearing to <1 10> at the sidewall longitudinal direction. The 
heat-resistant stress nature which was excellent in this invention nozzle which used the vane as the single 
crystal and set a sidewall longitudinal direction and perpendicular direction bearing to <100> is shown, and 
the above result shows that there is nothing on system operation a problem in any way, even if a columnar 
crystal or equiaxed grain exists in the sidewall section from which temperature does not serve as an elevated 
temperature more nearly further in a vane. The elevated-temperature low cycle fatigue test result of the alloy 
E in the table 7 used for this invention nozzle at drawing 25 is shown. When crystal orientation is equal, the 
fatigue life of a single crystal and a columnar crystal is almost the same, and this result shows that a fatigue 
life also with a colunmar crystal equivalent to a single crystal will be acquired if the direction which 
becomes the highest [ thermal stress ] is made into the <100> directions from this. 

[0080] [Example 8] Drawing 26 is the schematic diagram showing the 1 shaft type combined-cycle-power- 
generation system which used together the gas turbine and steam turbine of an example 6. 
[0081] When generating electricity using a gas turbine, it is in the inclination which adopts the so-called 
combined cycle power generation method to drive a steam turbine with the steam which collected and 
obtained the exhaust gas energy of a gas turbine while driving a gas turbine by using liquefied natural gas 
(LNG) as a fuel, and to have made it drive a generator by this steam turbine and gas turbine, in recent years. 
In this combined cycle power generation method, about 46% or more of high high temperature effectiveness 
becomes possible from 40% of thermal efficiency in the case of the conventional steam turbine independent 
by the following system configurations. 

[0082] Air goes into the air compressor of a gas turbine through an air cleaner and a steamy silencer first. 
The air which was compressed about 14 times here and became about 400 degrees C is led to a low NOx 
type combustor. With a combustor, a fuel is injected to this compressed air, it considers as 1470-degree C 
elevated-temperature high pressure gas, and power occurs at this gas working in a turbine. 
[0083] The exhaust gas 530 degrees C or more discharged from the turbine is sent to an exhaust-heat- 
recovery boiler through an exhaust air silencer, and a high voltage steam 530 degrees C or more is obtained 
from this heat energy. The denitrification plant by dry type ammonia catalj^ic reduction is prepared in this 
boiler. Exhaust gas is discharged outside from a chimney stack with a height [ of the 3 piece aggregate ] of 
about 200m. The high-pressure and low-pressure steam generated by the exhaust-heat-recovery boiler is sent 
to the steam turbine which really [ high low voltage ] consists of Rota. 

[0084] The steam which worked with the steam turbine becomes the condensation by which the vacuum 
deairing was carried out with the condenser, pressure up of it is carried out with a condensate pump, it is 
supplying water, and is sent to a boiler. A gas turbine and a steam turbine drive and generate a generator 
from the ends of one generator. The steam used with the steam turbine other than the usual compressed air 
may be used for cooling of the elevated-temperature section of the gas turbine used for such a combined 
cycle power generation system. Since the specific heat is large and light as compared with air, compared 
with air, cooling effectiveness of a steam is high. In this case, the system by which a steam circulates 
through the inside of the closed space is formed for the improvement in effectiveness, and a bucket and a 
nozzle serve as a closed type which does not have a cooling hole like air cooling. Since it is hard to generate 
the crack by thermal fatigue, this invention nozzle is suitable as a nozzle of a closed type, as shown in the 
example 6. 

[0085] As for this combined generation-of-electrical-energy system, a gas turbine performs the generation of 
electrical energy 60 MW and whose steam turbine are 30 MW. Since this system becomes compact 
compared with the steam turbine of an equivalent generation-of-electrical-energy capacity, it is cheaper than 
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a steam turbine and can manufacture. 

[0086] The steam turbine conceming this invention is used as a high low voltage one apparatus steam 
turbine, and the increment in the single opportunity output of a turbine can be aimed at by the steam 
pressure of the main steam inlet-port section of this high low voltage one apparatus steam turbine raising 
lOOatg(s) and temperature at 538 degrees C, Corresponding to the increment in a single opportunity output, 
the length of a wing of the last stage bucket was increased to 30 inches or more, and the steamy flow rate 
was made to increase. 

[0087] The steam turbine conceming this invention is equipped with 13 or more steps of buckets implanted 
in the high low voltage one apparatus Rota shaft, and a steam flows steam pressure lOOatg and temperature 
at 538 degrees C like the above-mentioned from a steamy inlet port through a steamy control valve. A steam 
flows from an inlet port to an one direction, serves as steam pressure 722mmHg and steam temperature of 
33 degrees C, and is discharged from the steamy outlet of the last stage bucket back. As for the high low 
voltage one apparatus Rota shaft conceming this invention, nickel-Cr-Mo-V low alloy steel is used. The 
bucket thicket section of the Rota shaft has become dovetail-like, and cutting is carried out from the Rota 
shaft. The die length of the dovetail section becomes so long that a bucket is short, and reduces an 
oscillation. 

[0088] C:0.18 to 0,30%, less than [ Si:0.1% ], less than [ MnO.3% ], nickel: 1.0-2.0%, Cr:1.0-1.7%, Mo:1.0- 
2.0%, and V:0.20 to 0.30%, the high low voltage one apparatus Rota shaft conceming this example consists 
of the remainder Fe, and tempering is carried out by water spray cooling at 650-680 degrees C after 
quenching by 900-1050 degrees C. 

[0089] The configuration of a plant can also be used as the multishaft type which constructs two or more 
combination of one generator other than the one shaft type which set one shaft as the gas turbine, the steam 
turbine, and the generator, installs it, gather the exhaust gas of two or more more sets of gas turbines to one 
set of a steam turbine, and drives one another generator by one set of a steam turbine to one gas turbine. 
[0090] The combined cycle power generation system is realized in the combination of the gas turbine which 
can start in a short time, and the steam turbine of small and simple structure, for this reason, it is easy and its 
output adjustment is the optimal as intermediate-load thermal power suitable for change of need. 
[0091] Since the dependability of a gas turbine is improving by leaps and bounds by development of the 
latest technique and the combined cycle power generation plant constitutes the system from combination of 
a small capacity machine, even if failure should occxir, the effect can be stopped locally. 
[0092] 

[Effect of the Invention] According to this invention, it becomes possible to manufacture the large-sized 
nozzle which has the outstanding high temperature strength by the high yield. Therefore, remarkable 
effectiveness, such as improvement in the generation efficiency by lifting of the temperature of combustion 
or improvement in dependability of the plant by the reinforcement of a nozzle, is demonstrated. 
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c»?g©ii-r4i5JB^5-»] *i6Hj«, mm-c(Di7'}-^ 
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[0 00 2 ] 

SX»C o SiB^O^a^fpJiijA < i5tir*s 
[0 003] iiao^XJVfflN i 

LrK5RH^it»4.o39,33o ^<ikmm^^u^mim 
1^4,810,467 #^:j$8^c^i^sn6^^. yx;ufflCoa# 

aSliSffl^i bT {tJKH!KFS^3. 383 .205 #^#8gt(,» 20 

»!f$iB¥ 3- 215644 ^^m.i<cm^ni>^mifimihn 

[0004] 

[^Bj*smuJ;5i-rs^] ^*cD-^X;UfflcDN i 

[0 00 5] N 1 Sa^^©t±t^CB^W»> ^IC, 
l*Fl^3,260.505 ■#£r$RCC/^$n-C(,ii-:)?[SjS@ffi-CiS 30 

[0006] C<Om^mi\t. #iaHS56-108852-^^^ 

#S. ^ga¥2- 153037 ■^^i:$BJi^iy^'#gg¥3 - 97822#^fB 

z r . H f ^(D^^^5^iw^^b7c^%^«{c$^r'^,>^. 

<t*i-c#^c*i-3fc, 3 etc. ;t/;^^-e>fflyXJi'(Di^ 

instil, ^^t-^^<DmB^mA^imt^t, 
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i tb'^-c:*;^ i ift 5 ;«/x 31 - k: >© > Xjiz-cii J; 

[000 7] jfitf^a^^^iHtCl^i^-iifcW^^i 
LT. ^KH#l^m3,494.709-^<&$K(C7S3nS:^^t?S 

its N i «iB^^©*igS*t*s* D . WL^mmiS:^ 
df-b'>©«)MSiOVXJl/{cafflS<T,Tt^€»o cnfCffl 
I^^CnS^^i L/-C»!itPaBS58- 63212 ^ilffg. 
2- 45694-^^fBSl(>'!RF<&^3- 7561S^i2:fgl|tC^nSnS 

/ci6<lWg|3©g!!!,'^.*5±^b« ^^-^ft^fblSlJJia^pJtgtC 

4 0~5 0'C]i5(,iil5tf»?StS«rWL'r(,i.S, L*> 

*SSiew?ii'fb7c^5:S:^il>^c< b 

S*Sa*i*-5)<t. ^©«SS«iWt?^atc§!in*iA&. ii 
MSiiaW*5*-5i«3ia©?fta©J5»--t?fl*i*>A-5 

sffi©if3fc)i.5. ^(Dtc^mt^^m-^^mi^^xmrn. 

L/fc^XjUWM^B^©^cC>^^^c^S(C^Si£JS*5* 
LJiPb. »Sffl©^X3f-e>««iS«SffltJ:b-<-C 
AMT'^O. 1tCcmi:^c©a*S^i:>'X;u*%^«c#i|gg«: 

■r -5 ©«#NStc mm-c * 5 . 
[000 8] in±M'<tct*s'o . m^(D^m^y^)\^'v 

[000 9] ^/c. ^a^jgfcstifcm^a^^XM*. 

3&iS<. ^mffl:yx3f-fcf>©>'X;U<!:0t:»jim-C|f 

[0010] :$:^?^©@WW. ^j6tt<c®n> bJ&^^jifit 
«l®@ftc#n/c 3? -V >ffl ^ X;URO'-e ©*!{3ij*«b 
-en?:ffll>/c;^'X K:>4a#t-r-5 C i {C*.5. 

[0 0 1 I] 

[SSi5:ft?^-r^/ces?)©^S] iSSr©;^!* 
{b»5fla*inI«g-C, *>-o;yxir-t>>'X;UiU-C3fe^3' 

%*gB^^i?^a^wr -5 Wf4iffl^R{>'**;^ - b* > y x 
^^©ifS^tttc-^t^Tfeiw L/ fc^^ff 6 nfc ©r* -5 , 

>fflyX;i'tcfci>r> BJrtBSSPS.O'Buta-y-'C K'?*-;1' 
©-S*s^Ma^-r-s> "0 . iSSSBR t>'^-9- K -i? * - JU© 

-m^^m^ fcSP^©-giK»iiS[#igagi535> 6 am b fc#ii® 
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r * ^-{^ommt^ 6 s ^ - tr >ffl ^^^Kcij i > 
f > y XfVtUn e tl ^ C i *SB^ hiy'fictsi'>-tc. #ic;$:^ 

[0 0 12] $/c. jli^asT'abSif'f K-i?*-;!/}*, a 
[0013] i}7.^-'y:fyyx>v-cm.^mixtcmu^m. 

iffc. •t^'^ K'^»*-^l'C)-Jg®-S|5X»:^SP 

ra©:^iaM*52 o^tirt©t±t^aj!)>6i^i^-(*cDiitiT' 30 

)Kti^Si)nfi*±©*>6@!f^-r2>*So^3Ktpa©:^{4ii*i8S 

^ i S ^©fiiscDgp^tJBif^-r 2 
OSIUrt<Dti«B^r^>fll*D^ct». g|J^tcj;-3T 
<!: T 5 C i 4> pJ«g-C* -S . 

[0015] mmcv-^ h-'^*-ju?:wrs;^';^^-t' 

fa«*^HS|5ffliJ(D-9- K -i; * - JKOPalKSHfigjliiUS^r 

fgl^ S C i A^^SWr * S . C CDSill(5eijl8S«Sifi?ii 

?:KSIJO— ^tc©*i9!tf /c*'x >y X;i'K:*ji»T so 
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[0016] :^/X^r-t'>ffl>'XM<:fcl>r«W?^*i5 

$nA:ji5t'i©*'xi>-br>fflyxji/-c«. afe^Jicmsp 

©tf-f K':7*-;i/iSia:&iSjK:E!i«i&;b*5M6^, 
iJ:B^{cMcc?l-:j5Sf3);t.:^*ifPffl-r-5/cest»-c*s, en*- 

^^gptcfciiT, St»{cSiaK:3£t)-S 30© < 1 0 0 > 
■:fj\^(D—r)^v^ K'^7*-ji'g^:j^iS)tcMLrsii::^itij 

n«N i affl-^^c* < 1 0 o> :&[Si©-^='>^^*i«^>/j\ 
3i>/cJ*. jgfeA^^cii!>-r^*^^gfe-rs:^isj?r <i 0 
o> -^mtLxisi-fii. -e©:)?isi©^tc;'35/h3<-c# 

[0017] am. jssc©aifes*ffl<.»r#iss«riijs 
Dfcw^. ■en-en©a*>6.fiSSL/!:*gs©wiBt33ai^ 

ffi y xjk*. B?s-r s*sa«i[ra©:&aM?:»gar» 8 ° 
^©ffe©g|5^r»2o' 3;tri*^-c&5fc*!^© 

^^k-r -SfcfiiJtc. ^B:^(fil?:Ma5©;f/X AO PMAi 
P>;</xffin{|iJ^|Sl3s/ct*MgB©*fxaiPffliJ*^6^xA') 

□wwifiji b, zi-^©-y-'(' F-? * -ju^-en^nsij©« 

^/citi^ < ©gp^^^m^ss^b-r ^ c i *3 pjtg i y-j: ^. $ 

XMC^l^th, a*SS*2MJi(±ffl(/»SC<!:-Cl»IS© 

[0018] *^B^©;«/Xir-fcf>ffl>'X;l'-CttagP^ 
WtC. ilHA14fC«nfcC r . A 1 . Y^r^WUC o 
«N i ©-:/3X»M*?:3^SB<tt-.S^^*=i-7^^ > 
y-r^SCiJ&JA-S. 2|s:^B^<D;^fX^-t:'>ffly 
XiUtctetiT. SS|5Raf^©^2©*J1^B{c, -fe^s 
■> ^xa*>P>i^d:^®|^a-T-.^ ^i'^SS-rc i;*?*^. 

[0019] *^BJ©:yx^r-fcf>ffiyXJK3:, -^t^fb 

Mffi{cj:Si«ja^ig©ffij±*5ojftg-e. *oMgi5i':/5l-©— 
apx»^Kiieaiiai?©#ffi*fi=??-c* c© c t 

SS%T-, Cr2~2 5%. A14~7%, W2~ 
15%. T i 0 .5~5%,Nb 0—3%, MoO—B 
%,Tal~12%. ReO~4%, Co7.5~25 
%, Fe0.5%JitT. C0.2 0%)WT. B 0.0 0 2 
~0.0 3 5%, Hf0~2.0%, Zr0.0 2%ii{T. 
S.O*4 0%J^I±?!?Sl><«4 5~8 5%©N i 4:$t?N 

[0020] »J}W)@B!!!=&jlM9«ItC^GSC ili 
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C0.0 2%JJtT, B0.002~0.035%. HfO. 
1~ 1 . 1 %&0*Z r 0~0 .0 A^oCMiBfi 
<t*JA (CO. 10%. B 0.002%). B(CO 
%. 3 0.0 1%). C (C 0%. BO .0 3 5%) . D 
(CO.1%. BO. 0 3 5%) <OiSmiCi>^Cti!m^ 

[002 1 ] m&m(Dn^mti<om±, ^ 

r6.0~9.0%. A15~6%. W7~10%, Ti 
0.5~1%. Mo0.3~0.7%. Ta2.5~5.0 
%, Re0~3.2%, Co8~10.5%. C0.03~ 
0.1%, BO .0 0 2~0 .0 3 5%. Hf0.3~l. 
8%. Zr0.0 2%OT. BLt;'6 0%JW±jffSb<W 
6 5~7 0%CDN i =&$t?N iS^t?*.SfflfiS*!»jl 

[0 02 2] 2js:|fe?|©:^X^r"l:f>fflyX;l/«. ^f-f 

>%Hl2X«EmWT-5 3? - brxDi^-Tnco - 1^ 

[0 0 2 3] :$:^Bj<D;^f;^ f>ffiyXiU«. ^jgf^ 

fgH-e2 ~ 6 0 l^r^l^^fbSn. MK 9 0 0 ~ 1 15 0 

°C-C4~2 0B$raS:J>'7 6 0~9 0 0°C-C'8~1 OOSJ 

[0 0 2 4 ] *f6?g<D*'X^-t^>ffl-/X;U«. Ig^X 30 

[0 02 5] ±f B©^M? I * ffi uastt, mm^mmmi^ 40 

|g^2 0~4 5cta/htCT-5.C Ctx6«, 
t,^ */c. tit«JSi!^J:-5j*SI5CCOl,ir{J:. 5 0cia/h=& 

-r5ti«si«©Ma:&f4^*i2 osfeiTooawncttt^JS 
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i^i:<,W®K:tt. 3 0~4 5cni/hf *?>o 

[0 02 6] *^BBw. ^i>%< i i>msmmm^m-v3i 
mmr?,tm^<oi^:^&.miii2 o- « 

. 3!)>ojg«:^l:?^Mai«rJf|-r C t Xim&<D y X)V^ 

[0 027] ^^mmmr.m^miii. a >7*u v-y-ciEsa 

-f X ^-^Isife^-ti-^ c it?^«^*li«i-r 2.;^7X k: 

WL. Hiiia^?- t'^oi^jsyXjL't*. iSjaiSE*'x(c$ 
P>3nsSSPi> iSSg|S©WJSli:ai^g|5-c* K-^ 

* - W b , BiJIBtf F ^ - ;u©-^©— 

g|j35»5WSH^-c* 0 . mimsi>ifim-^^ f -t? * -;i/©— « 
©^il@siii535^e.iSilL//cm*S^-r* D . MS^:r?>'Kij- 

F'i;*-Jl'©-^^l^t,»fcg|l:9-©-g|5X«^gPj!)*^# 
-^iSjJliH b/ctt«B^-C* S-«:©»!^*> 6 i C <!: * 

[0028] :^mmit. #tcj^««£*'xias«M^iir 1 

5 0 0*CJy±. WK5'-e>©AP-C 1 3 0 0'Cfel±-C 

* 0 > Wie - t'>©t?JS; y X;l/W, Mg|5©iti*5 7 0 rnn 
WJii •Sl«©;*C^S©#6«ffl ^» - 1* > (CSTiiT'* 
-So cnw. ;^;^^?-b'>*S7^;MtC^c^(a<t: -^X;l'^(*: 

x;ur«SM?S)SA5^s-r •5/cJi>:*/x df- tf>©i«a{b 

[0029] *^B^©I^Q#6B^tt. i^SiSffi©l8$«^;yx 
•Clig«l$n.S*'Xdf-l:^>t. ^;<7Xdf-t^>©jilKj^SF 
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i^mm^'^M&^tmmm•c i 5 0 o-ct^±. itj©^- t- 
>©AP-e 1 3 0 o-cfci±. s*i^-t'>(Dmpr5 6 

(omj^it 5 3 0 "cfeii-c* > BuiB^m^? - fc^ > itmi& 

> h ^*©*S^»SSI!j^*s 4 5 %SiLk-V. m^*f:^ ^ - 
t:>®CTia^'-b'>yX;u«. S©ita*n 0 0 tnmW± 

^S]g0E;tf>^{c5 ^^nSSSPi. lo 
W^lVCh^^ K * - JU*^ 1/ . ffiflBlf F -i; * - 

jKo-4g©-si53iw^g|j*i*i*a-e*)*). H-riasaisj&iK 

[0030] ^X^r-f XDyXJHJN i SjB-^^©^ 

a > u -y-oEffi^^©— x^vrtspcc 20 

^ X;l/©^fflSlS*^ii*^ 1 0 0 0 'CJi^Tfc -5, J: 
^$-CyX;U*?^4p-r^.C<i;*SnItgt?*^. C©J©^. 

n« }%^mf^tLxm.mm<<^^ti^cti}i^i.\ c© 

i»^L<(r>JS>^©<STK:-:>Aj:*ss. fie*©yX;u-e«, 

|5iK<*ro:t,^ci^>*i3. mii©ff^S^fF^-r€.i9:it355 

*Saibl/. S6tcS4>iHg^©jj8U<*i4:^|6l^, Ai> 
l8lJ&:^*J/^^ < i'jj-s < I 0 0 > :^iaK:^t>ti:T(,» s c t 

*#6H^-/XJi/«i'a-XFJ^*P:jJSi©*';^32-t'> 
KSfjg^o'Xji't-S^^. 

[0 0 3 1 ] *^B^iC{^?,;^7X^f-fcr>fflyX;KJ, M 

g|?^«SB^B. Sgl5m©-gP^-:^rS]iailtt«B^<tL. 40 
i±«ssp©i?SfS-r^*ss&ra©igs:^{4©M^r# ^/c 

[003 2] *5f6B;i{c*5C^r 3 e.{cSg;5:.>^Ji, mrie© 

as«n«?raaiofc,^.tcft^, c©igjS^j:?3Sflna«. so 
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B#©JSSin«:P;i5±L. *i-:)^^j5%W±©WW^SS?r^t; 

«^t>^s-r-sws4:iiiB#«:gi^-r5^>©-c**. cn 

f^FBy3^<Dmi 2 0 ^ <!: . #*S^©?SS© 1 0 

~ 5 0 %mmist -ac^^}" ■:mmitfii&r-r s 0 -c^: 

[0 033] f«IB©«il??S^b7nlg?r$£f^^-C. 
>'X;l':^ttJ£#ifeSi-r€>Ci^>^^nI#g-C**. C© 

-ciSj^snfc^>©ii:b-<Tiis?a-r©^' '}~--:fms.\t^^ 

2 0 • s -ci¥^-c* s/c«t>. t!e3fe©**sasri£^ 
S-r*-^fcXi^Kj; ^*SS:^fi[S'J)£*:*:*a(c©B§{b-c^ 
6„ Mrtg|3©«iS^^^R|{c*fL-C(*W^^cCt^^ 

l^tfth. sl*s:A:®K:^tS^^ffl//x5r-e>ffl©>' 

X;l'€r#6«ffl;^f X a? - t*>CCJiffl^S±r©A# 

^apa©:^tts*3?^j':iJi--ew2 0* $-cfi=^-c#sfc 

ist>. ^XJl/Cmffitt^rAifiiCFSji-Ctf. m^myX)l'<D 
[0 034] ^IfeB^icteC^-C. HgiBM^^W?S^fc7t3S© 
[0 03 5] H f (i^ElB$©fiSfijn©E*±tc^m*s*S 

W?8!)Aj:^«jfb^S=&^pItg<!:-r€>fc«?). -e© 
^:*:f^l]na» 2.0% Ji(T5C|©5£ 3 n „ H f ©^m© 

— gR«z r xttB-cftffl-et-s/ces?). H f ^mmmi^f 

•5c44>-efr4*i, j^jiitcBO . 1- 1 . 1 %©H f ©m 

[0 03 6] B i Z r «^@ffiJ©ltafiin©P^±J^O'i|iSB^ 
iKfl?©iSa?SS©ffi]±tC^*>SI!im©SC^7n«T'&'9. -e 
©jaj»KlS+ppcn gg*i6JiUl-r^. J^KN i 

<b<gBl^.©ii^€:4^!Kt. diON i {cWr?.SI^|Ifi*ilf 
L < /Jn3 tifc*. -e©mJDS««gL' < *IJ{K3 n^o ®iE 
^CjPttiaW. 8:0. 002 ~0. 035%. Zr:0. 
0 2% iilTT'*-5. 

[0 037] Ctt)^{b!^*}Bfi5EL/t:i|sS^!&l?©]«fi^lS 

s-a-ru*^. -e©/cA. jgsjnSBo .20% fetrtcsii 
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RRSnv WatCWO .0 . 1% -c**. » 

[00 3 8] BRV^C<Dm^mnmc>^T^^i))W:(D—mt 

SRtms?SiS©ia*>6. c«iBa©M<^*A (c 

0.10%, BO. 0 0 2%), B (C0%, BO. 01 
%).C(C0%. BO. 035%). D(C0.1%, 
3 0.035% ) «:!fe.SiiEHF»lK:-r€)Ci*ii(f$bl,». 

[0 0 3 9] 3^ffeD^cD*';^^?-b'>!ftS?r^ii£-r'i>N i 

[0040] C o{iv h f i'^^tftca^L/TiSM^S 

)S®igT^JS<. ^©yte*. 85jna»7 .5-2 5% 

T-tL-. Ittc? .5~ 1 0 .5%CDS5H*WS L/< . MM 

txmwtita—i 0 .5% -c*s. 

[ 0 0 4 1 ] C r «WA14©|6]±©fcdt)©!tJ>Jl7t*-Cft 

5%jyT<i:U. !^{C2->'1 6%©«iSH3W*U<. fi® 20 
)^c85finM«6~9%r*So A 1 SO'T i »N 

^(omm^-c$>i>r' m-rut^^N i ,ca i . t i ) 

A 1 : 1~7%. T i : 0 .5-5% ©^ttJ^^il'S-C* 
■5. $hiC. M*0< «A 1 : 4 — 7%. T i : 0 .5 
~5% -C*"?, ®*>ffii«C«iHttA 1 : 5-6%. T 

i : 0 .5—1 % Tab-S, 

[0 04 2 ] Nb, TaWWtB^ibtSf^^r' 

mmUN b : 3%)yT. T a : 1 — 1 2%iU, #ec. 
Ta<DJ?SaffiH»2 .5-5%r&^, 
[0 04 3] W. MoRZ/Reif7hV'j^::^(Dr^i: 

eT?<i--2.. -ec-e. ^flnatt^ w: 2-1 5%. M 

o : 6%JilT. Re : 4%Ji(Ti ^^(CW : 7-1 0 

%. Mo 0 .3-0 .7%felT. R e : 0-3 .2% ©tS 40 

[0 04 4] 

« 1 



#18^9 - 1 7 040 2 
16 

K*> c-f r ©rt gp<^siit^« > 0 2 1*^' 'J ;^ * ifiic^ t -r 

[0 045] EI3«2|s:^BJyX;U5rl^iiH|iJ*i6^Mffi"J{C 

jgBl^^^jg:^;a^^-rfcj?)©$^g©iliiiS0r*.5. J1- 
5 i'^Sl 1 6 ^icmi2<^. *^5^ra{^^, 7K?^m^ 

jb^-u- h 1 1 immmm^i 8*^^.T:^tc5iajc, ^ 
1 2-eSK©iteS36J»*L. ;x«:H2Ui/ir 1 3r— o© 

*gB^©i9^;£jiiRfi9{C)jKSSH±, ■feU^'3fJ:«9±©g|5^^ 

SB 0 ta LSiJ*i#ftf s fc*. c <Dmx^^m&mmt 

fc, cnK«j:«3, 04K:7j^-rJ:^{c-9->f F'i7*--'i/2* 

^^^c#MH^i-r-5c i^spj^fei^o/cTi^ 05 cc^-r 
-SI5^^:t^t^S3&s^?^5fc■ra«•^fc*)-5/t. 3 i^fc 
X-yXkt. EI5iC7S-riJ--l' F'^=r-Jl/2©^g|J{C^a 
*5#aTS4)©*>*-:,fc. 043, SCtt#*SB%, DS» 

mf.^-chi>. -e©i«^«. ^^tc^satc^c^^©^ 

5 0%, mn^m<ow&.ti,h<om^%-cs>i>, aitc^ 

g[5tc-o^cAi;SJi;:;*cg|5jyi1-{i=tiBSt--Sc i DJtg-c*^ 
-^^ h'-y* 2 ©SSSPK:^ I o^T < rj: 

-'l'3©5iaiUg|J4^*SSX»tt«SiTSft:«&{Ctt, 0 

6 tc^n-r <fc 5 JcSHCaJtffllS 1 5 c <i:*3«?ar- 

[0046] 

mi) 



(«t% :HiaNi) 





Cr 


Co 


V 


Ra 


Mo 


Ta 


Nb 


At 


Tl 


Hf 


C 


B 


Zr 




22 


19 


2.0 






1.1 


0.6 


2.3 


3.5 


0. 75 


0.15 


0.010 


0.010 




22 


19 


2.0 






1.5 


1.0 


1.9 


3.6 




0.15 


0. 0O9 


0. 009 




23 


21 


6.9 






1.2 


o.g 


1.6 


2.7 




0.12 


0.009 






8.1 


9.2 


9.5 




0.5 


3.2 




5.6 


0.7 


1.4 


0.07 


0. 015 


0.15 
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[0 04 7] CUlt. 3|s:|%Bj«:fcti-C«, SSUJUSP^^ X 
^W/c. cntcifj. ^*J8 0%fel±©^aS»3-C-!f-^ K 

rg?«-Ct/c„ t^±©MS14tt. 10 0%^K: 

1 0 0%jt^{b***= 9 : l(DX. :,fy{fm.-C'7^0. 

[0 04 8] i^cfc. SIMSn^^l 8«H2 7 5 •:»i'ifMl 20 

[0 04 9] 4^'m^m<Dy:X)V(omsfi i ©-f- w k -i/ - 

1 0 Onin-C$>€., 30 

[0050] 

[^2] * 
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« 2 





1 5 4 0 1C 




1 5 5 0 'C 




1 0 en/ h 







[0 05 1 ] cii;te«^ 23^3 ccTj^-r^^rffli^T. m 



K -i? * - ;V 2 *^^^tc#^S-C, 1f'fF'f*">'l/34i 
{c«B!f«f ?.^SSl[ra©:^fiiM*J 2 0 ' feirtottt^SAJ 

[0 0 5 2 ] ±ia©x' X;l/tC, K^tpT 1 2 5 0 ~ 1 2 

8 0 -c. 4 ~ 1 2 h (DmmmMm^mbfc. c<Dmm 

^-r 5 0 ~ 9 0 %(D^m(DmArj:mm r ' m^^mmt-r 
i>c ij&sr */c, i!^mmMm^&. i o o o ~ i i 5 o 

•C-C2~ 1 0 hmjfa 0 0—9 S 0*C-C4~5 O h<Dr. 
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